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. . The p r e s e n t f u s i o n RD&D p l a n c u l m i n a t i n g i n an EPR r e a c t o r by 1985 must be r e v i s e d because o f schedul i n g d i f f i c u l t i e s and lower t h a n expected f u n d i n g o f t h e CTR Program.
THERMONUCLEAR DIVISION SUGGESTIONS FOR AN UPDATED FUSION POWER PROGRAM
J
T h i s document c o n t a i n s s u g g e s t i o n s f o r a r e v i s e d CTR Program s t r a t e g y w h i c h s h o u l d a l l o w us t o achieve e q u i v a l e n t g o a l s w h i l e o p e r a t i n g w i t h i n t h e above c o n s t r a i n t s .
The r e v i s e d program i s designed around t h r e e major f a c i l i t i e s .
The f i r s t i.s an u p g r a d i n g o f . t h e p r e s e n t TFTR f a c i l i t y which w i l l p r o v i d e a d e m o n s t r a t i o n of t h e g e n e r a t i o n o f t e n s o f megawatts e l e c t r i c e q u i v a l e n t o r i g i n a l l y e n v i s i o n e d f o r t h e 1985 EPR. The second d e v i c e i s t h e TTAP which w i l l a l l o w t h e i n t e g r a t i o n and o p t i m i z a t i o n o f t h e plasma p h y s i c s r e s u l t s o b t a i n e d f r o m t h e n e x t g e n e r a t i o n o f plasma p h y s i c s e x p e r i m e n t s . The improvement i n tokamak r e a c t o r o p e r a t i o n r e s u l t i n g f r o m t h i s o p t i m i z a t i o n o f f u s i o n
plasma performance w i l l e n a b l e an EPR t o be designed w h i c h w i l l produce s e v e r a l hundred megawatts o f e l e c t r i c power by 1990. T h i s w i l l move t h e f u s i o n program much c l o s e r t o i t s g o a l o f commercial f u s i o n power by t h e t u r n of t h e c e n t u r y . I n a d d i t i o n t o t h i s f u n c t i o n t h e TTAP wi 1 1 s e r v e as a p r o t o t y p e o f t h e 1990 EPR system, thus making more c e r t a i n t h e s u c c e s s f u l o p e r a t i o n o f t h i s d e v i c e . The t h i r d element o f t h i s r e v i s e d program i s an i n t e n s e r a d i a t i o n damage f a c i l i t y w h i c h w i l l p r o v i d e the r a d i a t i o n damage i n f o r m a t i o n necessary f o r t h e EPR and subsequent f u s i o n r e a c t o r f a c i l i t i e s .
The sum t o t a l o f e x p e r i e n c e g a i n e d f r o m r e a c t i n g plasma experiments on TFTR, r e a c t o r grade plasma o p t i m i z a t i o n and t e c h n o l o g i c a l p r o t o t y p i n g on TTAP, and end o f l i f e r a d i a t i o n damage r e s u l t s f r o m t h e i n t e n s e n e u t r o n f a c i l i t y w i l l s o l v e a l l o f t h e p r e s e n t l y f o r e s e e n problems a s s o c i a t e d w i t h a tokamak f u s i o n power r e a c t o r e x c e p t those a s s o c i a t e d w i t h t h e e x t e r n a l ' n u c l e a r systems.
These e x t e r n a l system problems such as t r i t i u m b r e e d i n g and o p t i m a l power r e c o v e r y can be developed i n . p a r a l l e l on t h e 1990 EPR.
Thus t h e g o a l o f a f u s i o n d e m o n s t r a t i o n p l a n t by t h e l a t e 1990's can s t i l l be achieved.
The above c o n s i d e r a t . i o n s cons t i t u t e a f u s i o n power development program c o n s i s t e n t w i t h l e v e l t h r e e l o g i c . ' SUGGESTIONS FOR AN UPDATED FUSION POWER PROGRAM J. F. C l a r k e Background I n 1969 t h e US Fusion Program began d e v o t i n g major a t t e n t i o n t o tokamak magnetic confinement as a m a j o r approach t o f u s i o n power and e x p e r i m e n t a l programs were s t a r t e d a t General Atomic ( G A ) , Massachusetts I n s t i t u t e o f Technology ( M I T ) , Oak Ridge N a t i o n a l L a b o r a t o r y (ORNL) , P r i n c e t o n Plasma Physics L a b o r a t o r y (PPPL) , and t h e U n i v e r s i t y o f Texas. By 1972, a t t h e s u g g e s t i o n o f Robert H i r s c h , a group a t ORNL had b e g u n . c o n s i d e r i n g t h e requirements f o r a tokamak d e v i c e w h i c h would f o r t h e f i r s t t i m e b u r n s i g n i f i c a n t amounts o f d e u t e r i u m and t r i t i u m . T h i s d e v i c e , c a l l e d F/BX, was conceived o f as a l a r g e s u p e r c o n d u c t i n g tokamak w h i c h would be o p e r a t e d i n i t s f i r s t stage as a l a r g e hydrogen p h y s i c s experiment t o v e r i f y t h e plasma p h y s i c s c o n d i t i o n s necessary f o r s u s t a i n i n g a c o n t r o l l e d thermonuclear burn. I n a second s t a g e t h i s same experiment would have a l l o w e d t h e i n i t i a t i o n o f such a burn.
By 1974 t h e p r o g r e s s o f tokamak experiments was such t h a t s e r i o u s c o n s i d e r a t i o n was b e i n g g i v e n t o implementing these p l a n s . A t t h e same t i m e i t was demonstrated by a group a t PPPL t h a t some o f t h e g o a l s o f t h i s d e v i c e c o u l d be r e a l i z e d i n a smal l e r f a c i 1 i t y , c a l l e d t h e two component t o r u s (TCT) , by o p t i m i z i n g t h e d e v i c e t o maximize f u s i o n r e a c t i o n s between e p i t h e r m a l i n j e c t e d i o n s and t h e b u l k plasma.
Because o f t h e g r e a t e r assurance i n a c h i e v i n g some measure o f success i n such a d e v i c e , i t was decided i n e a r l y 1974 t o b e g i n work on a d e v i c e u t i l i z i n g t h e TCT concept an$ known as t h e Tokamak Fusion T e s t Reactor (TFTR) a t P r i n c e t o n U n i v e r s i t y .
The g o a l o f t h i s d e v i c e was t h e p r o d u c t i o n o f an amount o f thermal f u s i o n power e q u i v a l e n t t o t h e power used t o heat t h e plasma.
The s c h e d u l i n g and hence t h e scope o f t h e TFTR machine was c o n s t r a i n e d by t h e d e s i r e t o achieve a w o r k i n g e x p e r i m e n t a l power r e a c t o r (EPR) by 1985. T h i s EPR was conceived o f as a f a c i l i t y which u n l i k e t h e TFTR would n e c e s s a r i l y possess f e a t u r e s s i m i l a r t o those r e c o g n i z e d t o be c h a r a c t e r i s t i c o f a tokamak f u s i o n power r e a c t o r .
Paramount among these f e a t u r e s was t h e p r o d u c t i o n o f t e n s o f megawatts o f e l e c t r i c power. A d d i t i o n a l f e a t u r e s were t h e u t i l i z a t i o n o f s u p e r c o n d u c t i n g t o r o i d a l f i e l d c o i l s , h i g h d u t y f a c t o r and l o n g p u l s e o p e r a t i o n , f u e l i n g , h i g h b e t a plasma o p e r a t i o n , and i m p u r i t y c o n t r o l .
I n o r d e r t o b e t t e r d e f i n e these r e q u i r e m e n t s , t h r e e EPR d e s i g n s t u d i e s were i n i t i a t e d i n 1974 a t ORNL, Argonne N a t i o n a l L a b o r a t o r y (ANL) , and GA. The purpose o f these d e s i g n s t u d i e s was t o s p e c i f y t h e n a t u r e o f t h e EPR i n g r e a t e r d e t a i 1 so t h a t t h e ,necessary R&D programs c o u l d be i n i t i a t e d t o l a y t h e t e c h n o l o g i c a l f o u n d a t i o n f o r a d e c i s i o n t o proceed w i t h an EPR.
As a r e s u l t o f these EPR d e s i g n s t u d i e s , completed a t t h e end o f 1975, i t has become apparent t h a t an EPR d e v i c e which would produce a few t e n s o f megawatts o f e l e c t r i c power i s o f n e c e s s i t y a l a r g e , expensive and c o m p l i c a t e d d e v i c e .
However because o f t h e r a p i d i n c r e a s e o f t h e power o u t p u t w i t h s i z e i n such a d e v i c e , a s m a l l i n c r e a s e i n s i z e would r e s u l t i n t h e p r o d u c t i o n o f s e v e r a l hundred megawatts o f e l e c t r i c power. Thus i t has become apparent t h a t t h e r e t u r n on t h e EPR investment i n c r e a s e s r a p i d l y w i t h an i n c r e a s e i n t h e scope o f t h e EPR p r o j e c t .
N a t u r a l l y an i n c r e a s e d scope o f t h e p r o j e c t w i l l r e q u i r e an extension o f t h e schedule, b o t h because of t h e increased t a s k s i n v o l v e d and because o f t h e g r e a t e r development necessary i n t h e component t e c h n o l o g i e s o f t h e p r o j e c t .
From these same EPR design s t u d i e s i t a l s o became apparent t h a t the schedule which would have had t o be f o l l o w e d i f one decided t o attempt a minimal EPR by 1985 was i t s e l f uncomfortably t i g h t because o f the s h o r t t i m e a v a i l a b l e f o r development o f these component technologies. I n a d d i t i o n one would have t o i n i t i a t e t h e p r o j e c t b e f o r e the o p e r a t i o n of t h e TFTR d e v i c e and i n f a c t b e f o r e r e s u l t s have been a t t a i n e d from the n e x t g e n e r a t i o n o f plasma p h y s i c s experiments now being constructed.
T h i s i s i l l u s t r a t e d i n F i g u r e 1 which shows i n a schematic way the r e l a t i o n s h i p of t h e TFTR schedule, a t y p i c a l 1985 EPR schedule, the group o f n e x t g e n e r a t i o n plasma p h y s i c s experiments, and two o f the m a j o r component t e c h n o l o g i e s , h i g h energy n e u t r a l beams and superconducting magnets .
The b e g i n n i n g of t h e square bars i n each area i n d i c a t e s the e a r l i e s t d a t e t h a t one can expect r e s u l t s and i n f a c t i n most cases'an a d d i t i o n a l year beyond the t i m e shown should be allowed f o r contingency. C l e a r l y t h e u n d e r t a k i n g o f the l a r g e experimental power r e a c t o r p r o j e c t i n d i c a t e d by t h e EPR design s t u d i e s would be v e r y r i s k y on the time s c a l e shown.
I t i s hoped t h a t plasma p h y s i c s and t e c h n o l o g i c a l advances achieved i n
t h e a r r a y o f programs i n d i c a t e d i n the f i g u r e would r e s u l t i n a s i g n i f i c a n t -improvement i n t h e performancc o f the EPR.
However, i f one were t u
proceed on t h e schedule i n d i c a t e d t h e r e would be no time f o r i n c o r p o r a t i n g these advances i n t o t h e EPR p r o j e c t . T h i s would guarantee l e s s than optimum performance i n t h e EPR. T h i s i s e s p e c i a l l y t r u e because the CTR budget has lagged b e h i~d p r o j e c t i o n s and consequently many o f the development programs a r e n o t proceeding a t the pace a n t i c i p a t e d when the 1985 EPR schedule was f i r s t e s t a b l i s h e d . I n view o f the above circumstances i t has become necessary t o reconsider t h e CTR program s t r a t e g y f o r the next decade i n o r d e r t o adhere t o our l a r g e r g o a l o f p r a c t i c a l f u s i o n power by the t u r n o f the c e n t u r y . T h i s r e s t r u c t u r e d f u s i o n program attempts t o remove t h e d i f f i c u l t i e s o f the 1985 EPR program whi l e a t t h e same time a t t e m p t i n g t o achieve as many of t h e o b j e c t i v e s o f t h i s program as p o s s i b l e . W e b e l i e v e t h a t t h i s i s p o s s i b l e , i n f a c t , by a j u d i c i o u s combination and use o f our a v a i l a b l e resources and w i t h the a d d i t i o n o f some experimental f a c i l i t i e s i n t h e e a r l y 80s.

A Revised CTR RDED S t r a t e g y
The r e v i s e d CTR s t r a t e g y which w i l l . b e described has evolved from a d e t a i l e d c o n s i d e r a t ' o n by ORNL o f the.many f u n c t i o n s which the 1985 EPR t was t o have served. ' A 1 i s t of problem areas whi ch would have been encountered f o r t h e ' f i r s t time on t h e -1985 EPR f a c i l i t y i s g i v e n i n Table 1 .
These problems can be n a t u r a l l y d i v i d e d i n f o t h r e e groups. The f i r s t c o n s i s t s o f those problems which are c h a r a c t e r i s t i c o f the EPR i t s e l f and which cannot be addressed i n any s m a l l e r device.
The second c o n s i s t s o f those problems which have t o do w i t h the h a n d l i n g and b u r n i n g o f d e u t e r i u m and t r i t i u m and which can be addressed on the TFTR device. The t h i r d group o f problems a r e those whi ch cannot be addressed 'on t h e TFTR d e v i c e and y e t which a r e n o t n.ecessari l y r e s t r i c t e d t o a device o f t h e f u l l EPR s i z e . I t i s t h i s l a t t e r l i s t o f problems which d e f i n e s the n a t u r e o f an a d d i t i o n a l f a c i l i t y , f o r the e a r l y 80s which would serve . many o f t h e purposes o f t h e 1985 EPR. I n f a c t a c o n s i d e r a t i o n o f the problems l i s t e d i n Table 1 shows t h a t t h e combination o f the TFTR f a c i l i t y 
U t i l i z e r e s u l t s of Doublet 111, PDX, and ORMAK Upgrade No yes Yes and t h i s a d d i t i o n a l f a c i l i t y which we c a l l Technology Test Assembly ' w i t h P 1 asma (TTAP) does i n f a c t accomp 1 i sh many o f t h e purposes of t h e 4 o r i g i n a l EPR. An e s s e n t i a l l y complete o v e r l a p can be achieved i f one c o n s i d e r s what can be accomplished w i t h a second stage m o d i f i c a t i o n of t h e TFTR f a c i l i t y on t h e 1985 t i m e s c a l e .
Thus, a combination o f t h e TFTR and TTAP f a c i l i t y would n o t o n l y accomplish t h e purposes o f t h e o r i g i n a l l i m i t e d EPR program b u t would p r o v i d e an e x t r e m e l y sound t e c h n o l o g i c a l base f o r t h e c o n s t r u c t i o n o f a l a r g e r and more c o s t e f f e c t i v e -E P R a t a s l i g h t l y l a t e r date.
The a d d i t i o n o f an i n t e n s e end o f l i f e r a d i a t i o n damage f a c i l i t y would f i l l t h e one remaining gap i n t h e t e c h n o l o g i c a l base necessary t o make f u s i o n power a r e a l i t y .
F i g u r e 2 shows t h e i n t e r r e l a t i o n o f t h e b a s i c components which we c o n s i d e r necessary t o a comprehensive f u s i o n program i n t h e 1980s. The f i g u r e shows t h r e e f a c i l i t i e s d u r i n g t h e 80s, t h e TFTR f a c i l i t y which i s a l r e a d y under c o n s t r u c t , i o n , t h e TTAP f a c i 1 i . t~ which has been'under conceptual desFgn a t ORNL f o r t h e l a s t y e a r , and a h i g h i n t e n s i t y r a d i a t i o n d mage f a c i l i t y o f t h e D-Li s t r i p p i n g t y p e such as t h a t proposed by ORNL. U l t i m a t e Consequences o f a Revised S t r a t e g y B e f o r e p u r s u i n g t h e d e t a i l s o f t h e f a c i l i t i e s shown i n F i g u r e 2, we need t o address t h e b a s i c o b j e c t i o n t o any d e l a y i n any f e a t u r e o f t h e f u s i o n program, namely t h a t i t would d e l a y commercial a v a i l a b i l i t y o f f u s i o n power.
T h i s i s a r e a l concern s i n c e d e l a y i n a p r o j e c t e d a p p l i c a t i o n d a t e tends t o have c h a r a c t e r i s t i c s o f a s e l f -f u l f i l l i n g prophecy; t h e f u r t h e r o f f t h e a p p l i c a t i o n t h e l e s s a t t e n t i o n i s g i v e n t o t h e program. I n t h i s r e g a r d i t i s i m p o r t a n t t o n o t e a s i g n i f i c a n t d i f f e r e n c e between f u s i o n and f i s s i o n which has been o v e r l o o k e d t o some e x t e n t i n t h e p l a n n i n g of t h e f u s i o n program. I n l a y i n g o u t a program f o r the'development o f f u s i o n power, g r e a t use has been made o f t h e v a l u a b l e e x p e r i e n c e gained i n t h e development o f t h e . f i s s i o n power industry,.
I n p a r t i c u l a r , a sequence o f d e v i c e s o f i n c r e a s i n g c o m p l e x i t y and commercial r e l e v a n c e has been p r o j e c t e d f o r t h e f u s i o n program i n a manner s i m i l a r t o t h e e v o l u t i o n o f t h e f i s s i o n program.
However t h e b a s i c d i f f e r e n c e i n t h e o p e r a t i o n o f these two power systems must a t some p o i n t cause t h e f u s i o n program t o d e v i a t e f r o m t h e h i s t o r i c a l precedent s e t by t h e f i s s i o n power development.
I n p a r t i c u l a r we may have planned f o r too many i n t e r m e d i a t e s t e p s i n t h e e v o l u t i o n o f f u s i o n power, The most b a s i c d i f f e r e n c e between f i s s i o n and f u s i o n has o f t e n been c i t e d as a disadvantage o f f u s i o n . T h i s i s t h e f a c t t h a t f u s i o n power i s produced i n a r e a c t i n g plasma and t h i s power must be t r a n s p o r t e d t h r o u g h a m a t e r i a l s u r f a c e i n t o a s u r r o u n d i n g h e a t r e c o v e r y medium i n o r d e r t o 
F i s s i o n energy i s produced i n i n t i m a t e c o n t a c t w i t h t h e thermal power recovery medium. T h i s f a c t o r a l l o w s much h i g h power d e n s i t i e s t o be achieved i n f i s s i o n r e a c t o r s than can be contemplated i n f u s i o n r e a c t o r s . On t h e o t h e r hand, i t must be recognized t h a t because t h e power recovery s t r u c t u r e i s i n e x t r i c a b l y mixed w i t h t h e f i s s i o n i n g
r e a c t o r core, o p t i m i z a t i o n o f t h e power recovery system has r e q u i r e d t h e complete redesign o f t h e f i s s i o n system. Thus a d i f f e r e n t s e t o f f i s s i o n problems must be solved f o r d i f f e r e n c t types o f f u s i o n burners such as l i g h t water r e a c t o r s and HTGR systems and y e t more d i v e r s e problems f o r t h e burner and breeder systems themselves.
I n a f u s i o n r e a c t o r on t h e o t h e r hand, once t h e f u s i o n i n g plasma has been e s t a b l i s h e d and t h e f i r s t w a l l problem r e s o l v e d a l l o f t h e power recovery system development i s done e x t e r n a l t o t h e plasma region; T h i s w . i l 1 r e s u l t i n a r a p i d o p t i m i z a t i o n o f t h e f u s i o n power system once t h e 'fusion r e a c t o r c o r e has been developed. T h i s underscores t h e importance of . d e s i g n i n g a f u s i o n R&D program which a l l o w s e a r l y o p t i m i z a t i o n o f t h e f u s i o n plasma and i t s c o n t a i n e r .
For example as o u t l i n e d i n F i g u r e 3, one can conceive o f the 1990 EPR s e r v i n g as a t e s t bed f o r the development o f a v a r i e t y o f d i f f e r e n t n u c l e a r systems which w i l ' l lead t o a r a p i d opt i m i z a t i o n o f t r i t i um breeding and power recovery techni,ques.
As i s e v i d e n t i n t h e f i g u r e , d i f f e r e n t n u c l e a r systems problems such as l i q u i d metal b l a n k e t d e v e l o p n l~n t , l i q u i d metal t r i t i u m breeding, gas cooled b l a n k e t development, and s o l i d b l a n k e t t r i t i ' u m breeding can a l l be e x p l o r e d e i t h e r i n p a r a l l e l o r iri r a p i d sequence so t h a t the Demo design could take advantage o f r e a l o p e r a t i n g experience w i t h the optimum combination o f n u c l e a r su,bsystems. T h i s comb'ined w i t h f i v e t o s.ix years o f . o p e r a t i n g experience w i t h the. f u s i o n core plasma and the i n f o r m a t i o n t o be produced from twelve years o f o p e r a t i o n w i t h the h i g h i n t e n s i t y r a d i a t i o n damage f a c i l i t y ' w i l l r e s u l t i n the r e a l i z a t i o n o f a s o p h i s t i c a t e d demonstration f a c i l i t y . As i n d i c a t e d i n t h e f i g u r e , the TTAP f a c . i l i t y can be used i n a second phase as a deve.lopment and demonstration t e s t bed f o r improved f u s i o n plasma development f o r t h e Demo i n response t o i n f o r m a t i o n f l o w i n g from the o p e r a t i o n o f t h e EPR.
The combination of i n f o r m a t i o n . f l o w i n g from the above f a c i l i t i e s should lead t o a more r a p i d development o f r e l i a b l e commercial 'power p l a n t s than has b'een p o s s i b l e i n the analogous f i s s i o n development program. T h e r e f o r e , i t i s conceivable t h a t the combination o f f a c i l i t i e s o u t l i n e d i n F i g u r e 2 
T T A P w i t h h a n d l i n g f u s i o n t r i t i u m systems. I n o r d e r t o assure t h a t t h i s experiment a t t a i n e d these g o a l s w i t h the g r e a t e s t s a f e t y margin a g a i n s t e n g i n e e r i n g and p h y s i c s problems, the experimental device i s designed t o u t i l i z e o n l y p a r t o f t h e machine cross s e c t i o n f o r experiments o f l e s s than one second d u r a t i o n .
The above arrangement p r o v i d e s the g r e a t e s t experimental f l e x i b i l i t y and maximizes t h e p r o b a b i l i t y t h a t the device w i l l be a b l e t o a t t a i n i t s g o a l s .
Once these g o a l s have been a t t a i n e d however i t should be p o s s i b l e t o u t i l i z e the f u l l bore o f t h e d e v i c e , upgrade the power supply t o a l l o w p u l s e s o f up t o f i v e seconds, and t o increase the n e u t r a l i n j e c t i o n power t o 100 megawatts.
By t h e time o f t h i s conversion shown i n F i g u r e 4 t h e beam development program w i l l have had f i v e years t o o p t i m i z e the o p e r a t i o n o f h i g h energy p o s i t i v e i o n beams and n e a r l y f o u r years t o develop t h e t h e o r e t i c a l l y more e f f i c i e n t n e g a t i v e i o n beams requi red. f o r t h e EPR.
Thus t h e o p e r a t i o n o f the second stage o f the'TFTR would. p r o v i d e p r o t o t y p i c a i beam t e s t i n g f o r the EPR and as i s c l e a r from the f i g u r e , t h i s would occur e a r l y enough i n the EPR design process t o a l l o w f u l l y c o n f i d e n t design o f the n e u t r a l beam heaters f o r t h i s device.
Recent c a l c u l a t i o n s a t ORNL have shown t h a t the a d d i t i o n o f 100 megawatts o f beams t o the f u l l bore TFTR plasma should under reasonably o p t i m i s t i c c o n d i t i o n s a l l o w t h i s d e v i c e t o approach the i g n i t i o n c o n d i t i o n and t h e n e t power produced by such o p e r a t i o n should be much g r e a t e r than the i n p u t power of t h e beams. Consequently t h i s device would approach e l e c t r i c a l power break-even and thus accomplish one of the goals o f the o r i g i n a l 1985 EPR.
O f course the 1985 EPR would possess a number o f c h a r a c t e r i s t i c s , summarized i n Table 1 , which would n o t be d u p l i c a t e d by a second stage TFTR.
F o r t u n a t e l y a number o f these c h a r a c t e r i s t i c s can be d u p l i c a t e d i n t h e TTAP device as i n d i c a t e d i n F i g u r e 6.
B. The TTAP The most fundamental c h a r a c t e r i s t i c o f the TTAP device i s t h a t i t u t i l i z e s a superconducting magnet system which i s p r o t o t y p i c a l o f the experimental power r e a c t o r . Thus from t h i s device we g a i n i n t e g r a t e d systems experience i n o p e r a t i n g a tokamak d e v i c e w i t h t h i s new technology. I n o r d e r t o be p r o t o t y p i c a l of t h e EPR magnets, s t u d i e s a t ORNL have shown t h a t these
c o i l s must be n o n c i r c u l a r and possess a crnss sec.tinn of roughly t h r e e by f i v e meters.
Since t h e second stage TFTR would be d e a l i n g w i t h p r o t o t y p i c a l o p e r a t i o n o f d e u t e r i u m -t r i t i u m b u r n i n g tokamaks t h e r e i s no need t o p r o v i d e f o r t r i t i u m b u r n i n g i n the TTAP. T h i s a l l o w s the f u l l b o r e o f t h e superconducting magnets t o be u t i l i z e d f o r plasma experimentation. The r e s u l t i n g f l e x i b i l i t y of t h e d e v i c e w i l l a l l o w t h e o p t i m i z a t i o n o f plasma behavior f o r t h e EPR u t i l i z i n g t h e r e s u l t s o f t h e n e x t g e n e r a t i o n s e r i e s o f plasma p h y s i c s experiments shown i n F i g u r e 6. These experiments, PLT, I S X , ORMAK Upgrade, D o u b l e t -I l l , and PDX, a r e designed t o pursue s o l u t i o n s t o s p e c i f i c aspects o f t h e plasma p h y s i c s problem.
The s o l u t i o n o f these problems would make t h e plasma behavior i n t h e EPR approach more c l o s e l y t h e c h a r a c t e r i s t i c s o f a commercial tokamak f u s i o n r e a c t o r . Consequently t h e i n c o r p o r a t i o n o f these advances i n t h e EPR i s an important goal f o r t h e CTR program.
I n t h e p r e v i o u s p l a n f o r a 1985 EPR t h e r e was no o p p o r t u n i t y t o ' i n c o r p o r a t e t h e advances r e s u l t i n g from t h i s experimental program i n t h e EPR. The s i z e o f t h e p r o j e c t and t h e c o m p l e x i t y i n t r o d u c e d by s o l v i n g a l l t h e plasma p h y s i c s and n u c l e a r technology problems on one machine precluded a f l e x i b l e approach i n t h e plasma system design.
Whereas TTAP c o u l d accomplish i t s goals w i t h a l a r g e u n c e r t a i n t y i n t h e n-c product achieved w i t h t h e f i r s t plasma system design, t h e 1985 EPR would be f o r c e d t o t h e most c o n s e r v a t i v e and thus t h e l e a s t f l e x i b l e design by t h e need t o guarantee an nT l a r g e enough t o produce power. I n the present plan, the scheduling of the EPR i s such that not only can the advances of t h i s experimental program be incorporated i n the EPR but the same advances can be incorporated i n the TTAP i n a prototypical manner and thus gain advanced operating experience with an integrated EPR plasma system before t i t l e two design of the EPR commences. T h i s i s p o s s i b l e because t h e l a r g e s i z e o f t h e TTAP superconducting magnet system and t h e l a c k o f n e u t r o n s h i e l d i n g requirements i n t h e system p r o v i d e space t o accommodate a v a r i e t y o f plasma c o n f i g u r a t i o n s r e p r e s e n t a t i v e o f t h e f u l l range of t h e n e x t generations research program.
Thus t h e f a c i l i t y can be c o n s t r u c t e d i n two phases. The e a r l i e s t phase c a l l e d TTA i s t h e c o n s t r u c t i o n o f t h e b a s i c superconducting magnet system and power s u p p l i e s f o r major experiment components.
T h i s can begin as e a r l y as 1978 and c o n s t i t u t e s t h e l a r g e s t f r a c t i o n o f t h e p r o j e c t .
Because o f t h e l a r g e v a r i a t i o n i n plasma s i z e which i s compatible w i t h t h e achievement o f TTAP goals, those f e a t u r e s o f t h e f a c i l i t y which a r e a s s o c i a t e d w i t h t h e o p t i m i z a t i o n o f t h e plasma behavior can be s t a r t e d as l a t e as 1980. T h i s w i l l a l l o w t i m e f o r t h e d i g e s t i o n and i n t e g r a t i o n o f t h e r e s u l t s o f t h e experimental program shown i n F i g u r e 6. Thus by J u l y 1982 t h e TTAP f a c i l i t y should be a b l e t o produce r e s u l t s on long p u l s e experiments w i t h a p r o t o t y p i c a l EPR plasma system i n c o r p o r a t i n g t h e f u e l i n g system developed i n t h e plasma f u e l i n g program, t h e h i g h beta o p e r a t i o n techniques r e s u l t i n g from ORMAK Upgrade experiments, the n o n c i r c u l a r plasma advances r e s u l t i n g from the Doublet program, t h e i m p u r i t y c o n t r o l techniques developed on I S X , and the d i v e r t o r r e s u l t s obtained from the PDX experiment.
A l l o f t h i s i n f o r m a t i o n w i l l be a v a i l a b l e t o feed i n t o the ~i t l e one and T i t l e two design phases o f the EPR. I n a d d i t i o n t o i t s f u n c t i o n as a f a c i l i t y which i n t e g r a t e s our advanced knowledge o f plasma physics behavior the TTAP serves as a p r o t o t y p i c a l systems t e s t f o r a l l o f the t e c h n o l o g i c a l components o f the EPR n o t s p e c i f i c a l l y associated w i t h the use o f t r i t i u m .
Since i t i s a superconducting system i t has the c a p a b i l i t y o f d u p l i c a t i n g the h i g h d u t y f a c t o r o p e r a t i o n r e q u i r e d i n the EPR, and, by the use o f the highbenergy i o n beams which w i l l be a v a i l a b l e a t the time o f i t s o p e r a t i o n , the f i r s t w a l l l o a d i n g of the EPR due t o b o t h plasma and h i g h energy p a r t i c l e s can be q u i t e c l o s e l y simulated i n the TTAP.
C. The R a d i a t i o n Damage F a c i l i t y O f course t h e ' n e u t r o n f l u x i n the EPR can be s i m u l a t e d n e i t h e r i n the TFTR nor the TTAP.
~o n s e~u e n t 1 i : ' t h e r k i s a g r e a t need f o r the development of a h i g h i n t e n s i t y neutron f a c i l i t y . Recent proposals from Brookhaven and ORNL suggest t h a t a f a c i l i t y 'based on t h e D-Li s t r i p p i n g r e a c t i o n c o u l d be c o n s t r u c t e d by 1983 as shown i n F i g u r e 2 and p r o v i 9 e a s u f f i c i e n t l y l a r g e volume o f neutrons w i t h a f l u x i n the v i c i n i t y o f 10 neutrons per square c e n t i m e t e r per second such t h a t even these n e u t r o n w a l l i n t e r a c t i o n problems should be s u b j e c t t o some i n v e s t i g a t i o n before the o p e r a t i o n o f the EPK.
Consequently the EPR program should be a b l e t o concentrate i t s e f f o r t s on those unique c h a r a c t e r i s t i c s o f EPR o p e r a t i o n , h i g h temperature t r i t i u m h a n d l i n g and breeding, and b l a n k e t and s h i e l d o p t i m i z a t i o n . The f i n a l s t e p i n t h e s u p e r c o n d u c t i n g magnet program i s t h e f a b r i c a t i o n and t e s t i n g o f a f u l l s i z e EPR c o i l .
These c o i l s must be t e s t e d and e v a l u a t e d i n a s i m u l a t e d t o r o i d a l environment and t h i s i s t h e f u n c t i o n o f t h e l a r g e c o i l -t e s t . T h i s t e s t w i l l r e q u i r e t h e assembly o f s i x o f t h e e a r l i e s t c o i l s i n an
The d e s i g n o f t h i s c o i l must be based on t h e outcome o f t h e l a r g e c o i l t e s t .
I t s f a b r i c a t i o n must be undertaken i n i n d u s t r y and because o t i t s s i z e , a p p r o x i m a t e l y 7 x I I meters, i t s t e s t i n g w i l l most l i k e l y be done c l o s e t o i t s p o i n t o f manufacture.
I n d u s t r i a l Involvement i n t h e Revised F u s i o n Power Program P o i n t s o f i n d u s t r i a l involvement i n t h e f u s i o n power program have a l r e a d y been i n d i c a t e d i n t h e p r e c e d i n g d i s c u s s i o n . However, i t i s i m p o r t a n t t o emphasize t h a t t h e f u s i o n power development s t r a t e g y suggested above lends i t s e l f i n a v e r y f r u i t f u l way t o t h e s y s t e m a t i c and e f f e c t i v e i n c o r p o r a t i o n of i n d u s t r i a l t a l e n t s i n t h e f u s i o n power program. T h i s can be summarized as shown i n F i g u r e 8. The TFTR p r o j e c t a t PPPL i s a l r e a d y underway and w i l l s h o r t l y s e l e c t a f i r m t o p a r t i c i p a t e as t h e m a j o r c o n t r a c t o r i n i t s f a b r i c a t i o n .
The s u p e r c o n d u c t i n g magnet development program a t ORNL i s p r e p a r i n g t o l e t c o n t r a c t s f o r t h e f a b r i c a t i o n o f s e v e r a l l a r g e 3 x 5 meter s u p e r c o n d u c t l n g c o l l s . S i n c e t h i s a c t i v i t y i n v o l v e s b o t h d e s i g n and f a b r i c a t i o n a c t i v i t i e s o f l a r g e o b j e c t s , i t w i l l r e q u i r e n o t o n l y t h e p a r t i c i p a t i o n o f e x i s t i n g f i r m s b u t t h e f o r m a t i o n o f new g r o u p i n g s o f companics t o accomplish t h c taslc.
